Introduction
Coastal temperate rainforests are among the most productive of the terrestrial ecosystems and are comparatively high in the accumulation and storage of soil organic carbon (SOC) (Keith et al., 2009; Nave et al., 2010) . In the Pacific Northwest, it has been reported Open Access that these ecosystems can store up to 289 Mg/ha, compared to 196 Mg/ha in tropical rainforests and 130 Mg/ha in boreal forests (Bhatti et al., 2002; Carpenter et al., 2014) . Thus, coastal temperate rainforests are good candidates for mitigation of greenhouse gas emissions (Black et al., 2008; Carpenter et al., 2014) . However, their SOC stocks have been and are currently being threatened by disturbances. In this study, the term "disturbance" encompasses anthropogenic (e.g., fire due to slash burning, logging practices, etc.) and natural disturbances.
Ecological legacies, or enduring effects of climate, species composition and disturbance history, are important in determining the rates of contemporary ecosystem processes (Carrillo et al., 2012) . Latty et al. (2004) showed that in some forest ecosystems, past disturbances left long-term legacy effects on SOC storage. Thus, information on disturbance history is required to improve our understanding of SOC storage and dynamics in temperate forest ecosystems. In this study, the term "history" refers to the chronological record, nature and magnitude (intensity and severity) of the disturbance events. In coastal temperate rainforests of British Columbia mild temperatures and abundant precipitation lead to long growing seasons, highly productive ecosystems dominated by long-lived conifers (such as western red cedar [Thuja plicata Donn] and western hemlock [Tsuga heterophylla Sarg.] ) and slow rates of soil organic matter (SOM) decomposition (Waring & Franklin, 1979) . In addition, large, stand-replacing disturbances are infrequent in these ecosystems, which enable succession to old-growth stages dominated by gap-phase disturbance dynamics. The particular combination of climatic, ecological and pedological factors of these forests is of major advantage in the context of climate change (Black et al., 2008) . Although it has been recognized that soils play a critical role in carbon storage (Doetterl et al., 2015) and that coastal temperate forests have considerable potential to sequester SOC (Carpenter et al., 2014) , studies related to SOC stocks and stability are scarce in these ecosystems.
According to its residence time in the soil, SOC is commonly assigned to three different functional pools: labile, intermediate and recalcitrant (Lützow et al., 2006) . Doetterl et al. (2015) posited that the interaction between climate and geochemical factors controls SOC storage and residence time. Schmidt et al. (2011) suggested that the persistence of SOC in the soil (i.e. stability) is driven by the intrinsic properties of SOC as well as physiochemical and biological parameters. As an example, in coastal temperate rainforests of British Columbia, the clay fraction can account for one third of the SOC (Grand & Lavkulich, 2012) . In addition, Grand and Lavkulich (2012) showed that Fe and Al can form organometallic complexes with SOC. Yet, as this mechanism enables SOC stabilization, the translocation of Al and Fe in the mineral layers of Podzolic soils (dominant in coastal temperate forests of British Columbia) may enhance SOC storage (Eusterhues et al., 2005) .
Forest disturbances commonly cause changes in tree species composition, usually shifting from late to early successional species. These changes can strongly influence the stocks and stability of SOC (Nave et al., 2010; Laganière et al., 2013) . As an example, Nave et al. (2010) found that the size of C pools responds differently to harvesting and disturbance, and that losses are significantly smaller in mixed conifer stands than in hardwood stands. In the Canadian boreal forest, Laganière et al. (2013) Lamb.] stands. The authors suggested that SOC stocks in the soil surface of black spruce stands might be more vulnerable to decomposition, even though these stocks are greater than under aspen or jack pine stands. Schleuß et al. (2014) showed that deep soils in mixed species stands had a greater concentration of SOC per unit of fine soil particles than those in monospecific stands. As clay-sized particles have been shown to stabilize SOC (Baldock & Skjemstad, 2000) , this result suggests that mixed temperate forest stands have a greater potential for SOC stabilization than pure stands and that tree species composition may have an impact on SOC storage. Likewise, in coastal temperate rainforests, shifts in forest cover towards early successional tree species may have an important impact on SOC stability and storage through soil-plant feedbacks.
Forests in the Pacific Northwest are theoretically capable of storing more SOC than the amount estimated to be currently stored (Homann et al., 2005) . Further, Homann et al. (2005) proposed that lower SOC stocks in Pacific Northwest forests could be explained by a combination of natural and anthropogenic disturbances. The early study of Harmon et al. (1990) in coastal forests of western Oregon and Washington showed that C storage is reduced during timber harvesting and does not approach old-growth storage capacity for at least 200 years. In Canadian inland temperate rainforests, intensive harvesting of old-growth forest has resulted in significant reductions in total forest C stocks and reductions in forest floor C stocks (Matsuzaki et al., 2013) . The early study of Lavkulich and Rowles (1971) in coastal temperate rainforests of British Columbia reported the effect of land use on Podzolic soil properties, focusing on the overall effects of converting mature forest to agricultural uses. Grand and Lavkulich (2012) showed that harvest (clear-cutting) of mature coastal temperate forests of British Columbia resulted in additional SOM inputs to the mineral soil, but these inputs were not stabilized or retained in recovering second-growth forests. The present study builds on this earlier research by comparing SOC stocks and stability among three forest sites that differ in disturbance history and tree species composition. As our study was conducted in a regional park, disturbance has been excluded since the middle of the 20th century. This framework enabled us to focus on disturbance legacies on SOC properties.
Materials and Methods

Study Area
The study was conducted in Pacific Spirit Regional Park (PSRP) (49˚15'N, 123˚13'W) in the western most area of the city of Vancouver, British Columbia (Figure 1 ). PSRP lies within the Coastal Western Hemlock biogeoclimatic zone (CWH) and experienced a mean annual temperature of 10.5˚C and mean annual precipitation of 1272 mm (climate normal 1981-2010) (Wang et al., 2012) . The park is on a peninsula characterized by a gently rounded plateau (slope averaging 5% to 10% and elevation averaging 100 m asl.). The soils in PSRP are dominated by podzols, developed from glacio-marine till deposits of sandy to silty texture (Thompson, 1985) . PSRP history was well documented in the 1980s, including baseline data on vegetation and soil and records of logging practices (Klassen & Teversham, 1977; Thompson, 1985) . Past disturbance has been the most important factor determining vegetation distribution in PSRP while soil moisture regime has affected plant productivity (Thompson, 1985) . According to historical records, PSRP was originally covered by an old-growth forest dominated by Douglas-fir [Pseudotsuga menziesii (Mirb.) Franco], western red cedar and western hemlock (the latter is the climatic climax species in the CWH biogeoclimatic zone) (Klassen & Teversham, 1977) . Trees in the original forest were used by First Nations (mainly western red cedar) before being exploited by European lumber companies (mainly Douglas-fir) in the mid-1800s. These past disturbances (land-clearing, logging or burning) varied in magnitude and have created a mosaic of second-growth forests, including young deciduous forest, mixed coniferous-deciduous forest and pure coniferous forest (Klassen & Teversham, 1977; Thompson, 1985) . Following land clearing, for example, Thompson (1985) reported that the regenerating tree canopy was virtually pure red alder with salmonberry [Rubus spectabilis] in the understory. Following selective logging, by contrast, coniferous trees were retained and these were associated with high levels of red alder and understory conifer regeneration.
To compare SOC stocks and stability among sites that differed in disturbance history, three second-growth forests were selected within PSRP. The characteristics of these sites are provided in Table 1 .
The three forest sites were about 500 m apart and shared the same soil moisture regime (submesic), soil nutrient regime (medium). The soil moisture regime and soil nutrient regime are respectively defined as the average amount of water in the soil annually available for evapotranspiration by plants and the amount of essential nutrient available to plants, in the long-term (Meidinger & Pojar, 1991) .
The three sites had similar site series (CWH dry maritime 01: western hemlock-flat (Lavkulich & Rowles, 1971; Thompson, 1985; Soil Classification Working Group, 1998) . Based on these similarities, the three forest sites differed only in their disturbance history and species composition. Thus, given the identical local site conditions, it was determined that disturbance history played the dominant role in controlling regeneration patterns and soil properties of the three forests. The three second-growth forests were labelled as "mixed", "coniferous" and "alder" depending on the species composition. The "mixed forest" (49˚15'06.97''N; 123˚12'30.41''W) was dominated by a mixture of coniferous and deciduous trees, including Douglas-fir, western red cedar and red alder [Alnus rubra]. The "coniferous forest" (49˚15'18.05''N; 123˚12'42.26''W) was composed of Douglas-fir and western hemlock (dominant tree species). The "alder forest" (49˚15'17.28''N; 123˚12'00.25''W) was dominated by red alder (with vine maple and western red cedar as sub-canopy tree species).
Disturbance History
All three forest sites have undergone selective logging and have been affected by fire. In the mid-1800s, selective logging consisted of high grading (mainly Douglas-fir trees) and during the early 1990s, it consisted of removing patches of timber that had not been harvested earlier. The present alder dominated forest has also undergone land-clearing which consisted of removing all the remaining stumps with explosives and clearing the ground of organic layers (Thompson, 1985) . The mixed forest site was selectively logged prior to the early 1900s. In 1919, a brush fire started 300 m southeast of the site and moved west through logging slash and timber (Thompson, 1985) . Mature Douglas-fir trees left after selective logging were spared (Klassen & Teversham, 1977) . The fire killed the juvenile Douglas-fir which had been established following selective logging while the western red cedar germinated shortly after fire and red alder established periodically amongst the older Douglas-fir and cedar seedlings (Klassen & Teversham, 1977; Thompson, 1985) .
The coniferous forest was selectively logged around 1900 then burned in 1919 (Thompson, 1985) . The current even-aged structure of the forest suggests the fire was severe enough to eliminate the slash, forest floor and seed bank. The mineral soil that was exposed aided the establishment and growth of Douglas-fir (Thompson, 1985) .
The alder forest site was selectively logged in the late 1800s. The site was burned by the fire of 1919 and cleared for a housing development (which did not take place) in 1920s. All remaining patches of timber, previously passed over as unsuitable for shipping, and big stumps were cleared. The soil was disturbed to a depth of half a meter in places, and the ground was cleared to mineral soil. The site was cleared again in 1951 for development (which did not take place again) (Thompson, 1985) . To summarize, the three second-growth forests are the result of disturbance events of different magnitudes. Within this comparative framework, the mixed forest has experienced disturbance of "low" magnitude, the coniferous forest of "intermediate" magnitude, and the alder forest of "high" magnitude.
Soil Sampling
Soils were sampled in three replicate plots (2 m radius) randomly located along a 100 meter transect in each forest site. Soil series, site series and topography were the same among plots along each transect. A soil pit was located in the middle of each plot along the transect. A circular reference plot (10 m radius) was located in the centre of the transect for describing the ecosystem and identifying plant species according to the British Columbia Ministry of Forests and Range (2010) and to the expertise of a forest ecologist (Pr. S. Simard, personal communication). In April 2014, the soil pits were excavated by hand (100 cm in diameter to the depth of the solum) and sampled by morphological horizon (soil samples were collected from the upper to the lower part of each horizon to represent the entire horizon). Soil horizons were classified according to the Canadian System of Soil Classification (Soil Classification Working Group, 1998). The solum, defined as the layers that have undergone soil forming processes (Soil Classification Working Group, 1998), ranged from about 30 cm (alder forest) to 60 cm (mixed and coniferous forests) in depth. The following sequence of horizons was observed in the mixed and coniferous forests: L, F and H, AB, Bf 1 , Bf 2 , BC, C; and in the alder forest: Ah, Bf 1 , Bf 2 , C. Forest floors in the mixed and coniferous forests were separated into two components: (1) L and (2) FH. The L layer was thin and patchy, and dominated by coarse woody debris. Only the FH layer was sampled for laboratory analyses. The transitional horizon, AB, was not present in all soil pits of the three forests and when present was thin and discontinuous; as such, it was not taken into account in this study. The first illuvial B horizon was sampled to a depth of 10 cm as it is the diagnostic horizon for the Podzolic order (Soi1 Classification Working Group, 1998).
Laboratory Analyses
Soil samples were dried at room temperature (at least 48 hours), crushed with a wooden rolling pin and sieved through a 2 mm stainless steel sieve (Bate, 1993) . Soil pH was measured potentiometrically with 1:2 ratio of soil to 0.01 M CaCl 2 (Hendershot et al., 1993) . Soil particle-size analysis was performed following the wet sieving method of Kettler et al. (2001) . Earlier studies within PSRP have reported that the soils of the study area do not have appreciable amounts of silt or clay (Lavkulich & Rowles, 1971; Thompson, 1985) . Thus, silt and clay were not separated to ensure there was sufficient soil to measure the SOC concentration associated with this fraction. SOM concentration, which is an indicator of fresh, less decomposed material, was estimated using the loss-on-ignition (LOI) method (modified from Kalra and Maynard, 1991) . Soil samples (five gram) were heated to 350˚C for four hours. To measure SOC and nitrogen (N) concentrations, soil samples were oven-dried (<100˚C), finely ground (<60 µm) and analyzed by the Dumas combustion method (Sparks et al., 1996) using an elemental CHNS analyser (Vario MICRO Cube). From SOC and N concentrations, the carbon to nitrogen ratio (C:N) was calculated for each horizon. Treatment of soil samples with sodium hypochlorite (NaOCl) was used to oxidize SOC following the modified method of Zimmerman et al. (2007) : One gram of organic soil and five gram of mineral soil were oxidised overnight at room temperature with 50 mL of 6% (wt/wt) NaOCl. The residue was filtered and washed with deionised water. This procedure was repeated three times. The NaOCl oxidizes the labile pool of SOC and thus isolates the recalcitrant pool (Kaiser et al., 2002) . SOC concentration after chemical treatment was measured with an elemental CHNS analyzer (Vario MICRO Cube) (Zimmerman et al., 2007) . Cation exchange capacity (CEC) was determined by the BaCl 2 method of Hendershot and Duquette (1986). Reactive Al forms were extracted with acid ammonium oxalate (McKeague & Day, 1966) . The acid ammonium oxalate solution extracts active non-crystalline Al oxides in the clay fraction and in the whole soil (i.e., organically bound and amorphous forms) (Dahlgren, 1994) Soil bulk density (BD) was estimated by the excavation method of Maynard and Curran (1993) . However, the large proportion of coarse fragments and/or roots led to large variations in the field measurements of BD. Thus, values for BD were also estimated using pedotransfer functions as suggested by Grand and Lavkulich (2011) . The pedotransfer functions are based on the correlation between BD and SOC (or SOM) concentration in soil horizons (Heuscher et al., 2005; Périé & Ouimet, 2008) . For BD of mineral soil horizons, we used the empirical regression (Equation (1)) developed by Heuscher et al. (2005) for the Orthod Spodosol great group (Humo-Ferric Podzols). 
where BD is the bulk density of organic layers, D bm is the empirically determined bulk density of the "pure" mineral fraction, D bo is the empirically determined bulk density of the "pure" organic fraction, and SOM is soil organic matter concentration expressed here in g•g −1 . We used the empirically determined D bm = 1.77 ± 0.07 and D bo = 0.11 ± 0.01 by the nonlinear model (r 2 = 0.81) of Périé and Ouimet (2008) , who have established the relationship between SOM concentration and BD in acidic loamy to sandy loam fine fractions of forest soils in Quebec (Canada). SOC content of each soil horizon was calculated based on estimated BD values (g•cm −3 ) (Equation (1) for < 2 mm mineral soil or Equation (2) for organic layer), the relative contribution of fine fraction to total soil mass (FE content in g•g −1 ), horizon thickness (cm), SOC concentration (g•kg −1 ) and a unit-conversion factor (100) (Equa-
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As this study focused on the soil solum, the depth of SOC storage was restricted to the organic layer (FH) and mineral horizons to a depth of 60 cm for the mixed and coniferous forest and to a depth of 30 cm for the alder forest. Hence, the SOC content calculation did not take into account the C horizon (i.e., the parent material).
Statistical Analyses
Statistical analyses were performed using Matlab R2010a (Mathworks Co.). One-way analysis of variance (ANOVA) was used to assess the differences in SOC stocks, stability and related variables among the three forest sites. ANOVA were done among forest sites for each horizon. We used Tukey's HSD as a post hoc test. Results are expressed as mean ± standard error of the mean (SEM) and α = 0.05.
Results
Soil Properties and SOC Stocks
All soils had an acidic pH ( Table 2 ). The pH values were similar between the mixed and coniferous forests, ranging from an average of 2.9 ± 0.1 in the FH layer to an average of 4.4 ± 0.1 in the Bf 2 horizon. The alder forest soil horizons were less acidic, by approximately 1 pH unit, ranging from an average of 4.1 ± 0.1 in the first horizon to an average of 4.7 ± 0.1 in the Bf 2 horizon. For the mineral horizons, the percentage of sand (2 mm -50 µm) was similar in the mixed and coniferous forest (Table 2 ). In comparison the alder forest soil horizon had almost double the content of silt and clay (<50 µm), averaging 43% of silt and clay for all horizons. The textural class was loamy sand for the mixed and coniferous forests and sandy loam for the alder forest. Estimated soil BD values were similar between the mixed and coniferous forests, ranging from an Table 2 . Sequence of soil horizons and selected soil properties of three forest sites that differ in disturbance history (Mean ± SEM, n = 3). (Table 2) . BD values were slightly higher for the alder forest ranging from an average of 1.10 ± 0.02 g•cm −3 in the Ah horizon to 1.55 ± 0.05 g•cm −3 in the Bf 2 horizon.
In the mineral horizons of the mixed forest, the average SOM concentration ranged from 35 ± 8 g•kg −1 (BC) to 56 ± 6 g•kg −1 (Bf 1 ) (Figure 2(a) ). In the coniferous forest, the average SOM concentration ranged from 24 ± 4 g•kg −1 (BC) to 44 ± 5 g•kg −1 (Bf 1 ) and for the alder forest, from 12 ± 4 g•kg −1 (Bf 2 ) to 25 ± 4 g•kg −1 (Bf 1 ). SOM concentration in the Bf 1 and Bf 2 horizons of the mixed forest was significantly higher than the concentration of that in the alder forest (respectively, p = 0.01 and p = 0.01). SOM concentration was significantly higher in the Bf 2 horizons of the mixed and coniferous forests compared to the alder forest (respectively, p = 0.01 and p = 0.02). The range in SOC concentration for the mixed forest averaged 13 ± 1 g•kg −1 (BC) to 21 ± 6 g•kg −1 (Bf 1 ).
For the coniferous forest, it was on average 8 ± 1 g•kg −1 (BC) to 30 ± 2 g•kg −1 (Bf 1 ) and for the alder forest on average 5 ± 2 g•kg −1 (Bf 2 ) to 10 ± 2 g•kg −1 (Bf 1 ) (Figure 2(b) ). For the Bf 1 horizon, the SOC concentration was significantly higher (six-fold) in the coniferous forest than in the alder forest (p = 0.03). The concentration of SOC in the BC horizon was significantly higher in the mixed forest compared with the coniferous forest (p = 0.01). The average SOC content to a depth of 30 cm was compared among the forest sites (Figure 3(a) ). This depth was chosen for comparison among forests as the solum was thicker under the mixed and coniferous forests (ca. 60 cm) than under the alder forest (ca. 30 cm). To a depth of 30 cm, the soil of the mixed forest contained on average 8. ) for the soil of the alder forest. The average SOC content to a depth of 30 cm in the mixed forest was significantly higher than in the coniferous (p = 0.05). However, the difference between the mixed and the alder forest was not statistically significant (p = 0.10).
The SOC content in the solum of the three forests was also compared (Figure 3(b) ). The average SOC content in the solum of the mixed forest was 11.0 ± 1.5 kg•Cm depth. For the mixed forest, the relative contribution of the organic layer to the SOC content of the solum was 61% versus 52% for the coniferous forest and 72% for the surface Ah horizon of the alder forest. Thus, SOC stocks of the mineral horizons accounted for approximately one-third of the total SOC stocks in the mixed and alder forests and half in the coniferous forest.
C:N Ratio, Stable SOC and Extractable Al
For the solum, about 66% of the total SOC was associated with silt and clay in the alder forest, 58% in the mixed forest and 53% in coniferous forest ( Table 2 ). The C:N ratio of the Bf 1 horizon was significantly wider in the coniferous forest, reaching an average of 34:1 ± 2:1 than in mixed and alder forests (respectively, p = 0.005 and p = 0.0002) (Figure 4 ). The alder forest had the narrowest C:N ratio, averaging 15:1 for the Bf 1 and Bf 2 horizon (although, the result was not statistically significant between the mixed and alder forest for the Bf 2 horizon). Figure 5 shows the stable SOC concentration in the mineral horizons of the three forests sites. The stable pool of SOC was estimated by the pool of SOC that was not oxidized by NaOCl (residual SOC). The Bf 1 horizon of both the mixed and coniferous forests contained a significantly higher proportion of stable SOC than the Bf1 horizon of the alder forest (respectively, p = 0.02 and p = 0.04). The Bf 2 horizon of the mixed forest had a proportion of stable SOC three times higher than that of the Bf 2 horizon of the alder forest (p = 0.05).
Results for oxalate-extractable Al (Table 3) show that the mixed forest soil has higher Al concentrations (in Bf 1 and Bf 2 horizons) than the alder forest soil although they are not statistically significant (p = 0.07 and p = 0.1 respectively).
Discussion
This study investigated SOC stocks and stability among three second-growth forests that have resulted from disturbance events of different magnitudes at the beginning of Figure 5 . Average total stable soil organic carbon (SOC) concentration (i.e., SOC not oxidized by NaOCl) in the mineral horizons of the soil of three second-growth forests that differ in disturbance history. Bars are mean values (±standard error of the mean, n = 3). Different lowercase letters indicate significant differences by Tukey's HSD test among sites (α = 0.05). Table 3 . Concentration of oxalate-extractable Al in the soil of three forest sites that differ in disturbance history (Mean ± SEM, n = 3). the 20 th century. Apart from disturbance history (that played a major role in the vegetation regeneration patterns) all covariate factors were kept constant. Although, we acknowledge our small sample size, this original framework enabled us to focus on disturbance legacies on SOC properties in coastal temperate forest ecosystems. We found that the mixed forest store more SOC to 30 cm depth that the coniferous and alder forests, although the results were not statistically significant and that stable SOC concentration is lowest in the alder forest, in combination with a narrow C:N ratio and a low extractable Al concentration.
Disturbance Legacies on SOC Stocks
The SOC content of the mixed forest in our study was similar to that of undisturbed Douglas-fir plantations in the Pacific Northwest that had established on glacial till and medium soil nutrient regime (7.1 kg•Cm −2 to 20.1 kg•Cm −2 to 1 m depth) (Carpenter et al., 2014) . The SOC content (30 cm depth) in the mixed forest was higher than in the coniferous and alder forest. The SOC content of the solum was also higher in the mixed forest compared to the coniferous and alder forest and generally, the coniferous and alder forests had similar SOC stocks. This result suggests that the relatively low magnitude disturbances that characterized the mixed forest led to a lower decrease in SOC stocks than in the more severely disturbed alder forest. However, differences in SOC stocks between the moderately disturbed site (coniferous forest) and the highly disturbed site (alder forest) were small (e.g. 4.8 kg•Cm −2 stored to 60 cm depth in the coniferous forest compared to 5.3 kg•Cm −2 stored to 30 cm depth in the alder forest). Un-fortunately, it was not possible to compare our results with the original old-growth forest present in PSRP before the European settlement. However, it was possible to compare our results with an old-growth forest studied in the vicinity of our study area (49˚27'N, 123˚41'W; on the Sunshine Coast of southwestern BC) by Grand and Lavkulich (2011) . These authors assessed the SOC content in an average profile to a 100-cm depth in a140 year old forest, dominated by Douglas-fir, western hemlock and western red cedar in the CWH zone. They reported a SOC content of 15.9 kg•Cm −2 compared to 11.0 kg•Cm −2 to 60 cm depth for our mixed forest. Despite differences in species composition between the forests, the SOC content of the solum is similar between the study of Grand and Lavkulich (2011) and this study, and corroborates that low magnitude disturbance of old-growth forest might not have a critical long term legacy effect on SOC content compared to high magnitude disturbances, despite changes in species composition. Similar to our study, Latty et al. (2004) found that old-growth forest soils had higher total C than severely disturbed forest (historically logged and then burned). Their "severely disturbed" forest could be compared to our alder forest. Latty et al. (2004) showed that even low severity disturbances left legacies on ecosystem processes that were detected nearly 100 years later, which does not seem to be the case in this study. Further, Hobley et al. (2015) suggested that the storage of SOC near the surface was driven predominately by climate, while at depth the influence of climate waned and soil factors and disturbance history became more important. That has relevant implications in our study given that SOC stocks of the mineral horizons accounted for one third of the total SOC stocks in the mixed and alder forests and half of that for the coniferous forest.
With respect to soil properties, the coarse nature of the soil and the presence of a thick root network did not allow precise BD field measurements, thus BD has been estimated. Périé and Ouimet (2008) recommended using the organic density approach to estimate BD from SOM because it allows BD to be predicted without significant bias and with a degree of accuracy of 14%. The values for D bm and D bo were also chosen by Grand and Lavkulich (2011) for Humo-Ferric Podzol evaluations on glacial till on the Sunshine Coast of southwestern British Columbia and are in good agreement with other studies conducted in medium to coarse-textured acid forest soils (Federer et al., 1993) . BD values for soil horizons were similar to those reported by Shaw et al. (2005) for the FH layer of an Orthic Humo-Ferric Podzol but lower for the mineral horizons Ah, Bf1 and Bf 2 . The range in values was comparable to those reported by Grand and Lavkulich (2011) for the same soil subgroup. Lower average soil BD values for the mixed and coniferous forests indicated higher SOM concentrations, and hence higher degree of soil porosity, as well as lower degree of soil compaction. Organic C storage was calculated based on SOC concentration, estimated BD, the thickness of horizons and the fine earth fraction. The uncertainty associated with estimation of BD values, including the prediction error of the pedotranfer functions themselves, plus the uncertainty of the determination of SOC concentration, is discussed by Schrumpf et al. (2011) . This discussion was considered in assessing the variability and reliability of the estimates associated with SOC concentration and depth for the fine earth mineral soil and the variability associated with the determination of D bm , D bo and SOM for the organic layer, thus the results are comparative. Schrumpf et al. (2011) demonstrated that this variability was the result of the variability of SOC concentration (due to laboratory errors and to the high SOC spatial variability) and the coarse fragment (>2 mm) content. In this study coarse fragments SOC content was not taken into account. Homann et al. (2005) found that, on average, the coarse fragment SOC content contained less than 1 kg•m −2 (0 -20 cm) in old-growth forests of Sitka spruce [Picea sitchensis (Bong.) Carr] and western hemlock of western Washington and Oregon. Doetterl, et al. (2015) suggested that the interaction between climate and geochemical (pedogenic) factors controlled SOC storage and turnover. In our study, SOC was found to be associated with the silt and clay fraction, similar to the findings of Kalbitz and Kaiser (2007) . The coarse textured soil of the study area contained few aggregates, thus sorption of SOC to coated mineral surfaces may play an important role in SOC stabilization and sequestration (Kaiser et al., 2002) . Further, for podzolic soils, Kaiser et al. (2002) stated that amorphous Al and Fe oxides are the most important substrates for the formation of organo-mineral associations and thus for the SOC stabilization. Likewise, interactions between SOC and amorphous Fe and Al oxides have been postulated to be the main mechanism of SOC stabilization in other acid soils (Rumpel & Kögel-Knabner, 2011 ). Yet the soils of the mixed and coniferous forests were characterized by higher Al concentrations in the mineral horizons and higher concentrations of stable SOC. Although we compared different species compositions, our results agree with Latty et al. (2004) and Nave et al. (2010) , who compared different forest ecosystems with the same overstory species composition and suggested that mature forests with an history of minimal disturbance have the potential to sequester a larger quantity of recalcitrant SOC than do seral forests. We found that there was more recalcitrant SOC per gram of soil in the surface Ah horizon than in the subsoil horizons of the alder forest (result not shown). This may indicate that SOC compounds in the deep soil horizons of our forests are not highly decomposed. However, according to Rumpel and Kögel-Knabner (2011) , the addition of labile SOC in subsoil horizons could lead to destabilization of SOC with a high residence time. In our study, disturbances (depending on the magnitude) may have caused the enrichment of deep horizons with labile SOC due to mixing and erosion, especially under the humid and podzolizing conditions of the study area. Our study suggests that the higher base status, higher finer particle size fraction and higher pH under the alder forest in comparison to the mixed or coniferous forests could have resulted in a rapid turn-over of SOC. Furthermore, soils that have higher base status are known to have greater rates of humification (Edmonds, 1980) . The disturbance of "intermediate" magnitude that led to the regeneration of the coniferous forest contributed to changes in the chemical properties of the Bf 1 horizon. For example the wider C:N ratio of the Bf 1 horizon of the coniferous forest compared with the mixed and alder forests and the higher concentrations of SOC were probably due to a higher decomposition rate of SOM. The difference in litter quality of Douglas-fir is known to change the nature of the main source of SOC in the subsoil (Edmonds, 1980) and thus could help explain the observed difference in SOC concentrations among forest sites. In addition, organic acids (i.e. fulvic acid) resulting from Douglas-fir litter decomposition might become mobile and thus contribute to the accumulation of SOC in the lower Bf 1 horizon (Kalbitz & Kaiser, 2007) . Consistent with Latty et al. (2004) , our results suggest that changes in species composition following disturbance events, may lead to changes in litter quality that can further impact SOC storage. Interpreting the values of C:N ratio in the light of past disturbances is complex in this study because of the change in species composition and large biological differences between red alder and conifers. Indeed, red alder is able to obtain N from a symbiotic relationship with Frankia, a N 2 -fixing actinomycete (Bollen & Lu, 1968) . This species produces leaf litter with a higher N content compared to conifer species. Thus soil beneath alder should be generally higher in 3 NO − and nitrifying capacity (Bollen & Lu, 1968) . The higher amount of silt and clay in the alder forest suggests that there might be a greater influence of the Newton stony clay (the original parent material) reflected by possible erosion following the original disturbances. The finer soil of the parent material could have been incorporated into the present soil of this forest as a result of past disturbances.
Stability of SOC
Conclusions
In this study, we compare SOC stocks and stability of three second-growth forests in PSRP of British Columbia. These three forests result from disturbance events of different magnitudes that occurred in old-growth at the beginning of the 20th century. Since then, forests in the park were left to grow back naturally. We focus our study on a single geographical area with a documented history, and use this framework for a comparative study. Our results suggest that:
i) The forest that results from selective logging and comparatively low severity fire (low magnitude disturbances) store more SOC to 30 cm depth than forests resulting from disturbances of higher magnitude (coniferous and alder forests).
ii) Stable SOC concentration is lowest in the alder forest that regenerated from disturbances of the highest magnitude. The soil of this forest has the narrowest C:N ratio, which reflects the nature of the litter and contains lower extractable Al concentration, which plays an important role in SOC stabilization in coastal temperate forests.
In our study area, legacies of disturbances depend on the disturbance magnitudes. High magnitude disturbances that were followed by the regeneration of early successional tree species, led to an increase in SOC turnover. In this case, negative soil-plant interactions (as an example, through changes in litter quality) may further reduce SOC storage, although this aspect was beyond the scope of our study. Our study gave an insight into the role of disturbance history in reducing SOC storage capacity of recovering coastal temperate forests of BC.
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